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CONFIDENTIAL 

» 


A good  atari  hae  now  been  made  on  the  electronic  circuits  to 
be  incorporated  in  the  hemisphere  search  detector  whose  design  is  the 
primary  aim  of  thiB  study  contract.  This  electronic  work  is  being 
carried  out  by  Dr.  Stockman. 

A meeting  was  held  in  Washington  on  October  13,  attended  by 
Mr.  Dpuber  of  the  Navy  and  Harry  Stockman  of  Polaroid.  The  minutes 
of  this  meeting  are  attached  as  enclosure  1. 

i 

Three  reporta  by  Dr.  Stockman  dated  September  27,  September  30, 
and  October  3 are  attached  aa  encloaurea  2,  3,  and  4> 

Enclosure  2 is  an  cversll  survey  of  the  electronic  bye tea. 

This  overall  aurvey  states  the  framework  within  which  the  further  dis- 
cussion of  the  electronic  system  will  be  carried  out. 

bnolosure  3 contains  the  Information  which  has  been  accumulated 
to  date  on  the  switching  tubes  available,  the  detailed  characteristics 
of  two  switching  tubes  manufactured  by  the  Federal  Tclecoraunl cation 
Laboratory  and  two  tubes  manufactured  by  the  National  Union  Radio 
Corporation. 

Enclosure  4 ocntaina  the  result  of  the  study  of  magnetid  am- 
plifiers. Considerable  attention  haa  been  paid  to  mapnetie  amplifiers 
because  it  la  hoped  that  they  may  be  an  anBwer  to  the  old  problem  of 
coupling  a low  impedance  device  to  the  grid  of  the  tube  at  low  fre- 
quencies. This  coupling  may  in  principle  be  accomplished  by  trans- 
former a,  but  transformers  with  the  very  high  secondary  induotanoe  re- 
quired to  yield  an  impedance  of  one  megohm  at  one  cyole  per  second  are 
extremely  heavy  and  bulky.  It  la  hoped  that  magnetic  amplifiers  may 
permit  the  uae  of  a much  smaller  magnetic  structure  becauso  the  magnetic 
amplifier  may  be  used  as  a frequency  converter.  If  a magnetlo  amplifier 
may  be  used  in  such  a way  that  it  does  not  degrade  the  aignal-to-noiae 
ratio  of  the  detector  ltaelf,  it  appears  to  offer  high  promise  because 
the  secondary  inductance  need  only  be  high  enough  to  yield  an  impedance 
of  one  megohm  at,  aay,  5000  cycles. 

Work  is  now  in  progress  to  assemble  the  Information  required 
for  the  second  report  of  the  Brrles  of  which  the  writer' a September  24 
report  la  the  first  member.  TtaiB  information  is  the  amount  of  water 
vapor  in  the  optical  peth  aa  a function  of  the  meteorological  condi- 
tions, the  elevation  angle  of  the  aource,  and  the  distance  of  the  source. 
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This  study  contract  vac  discussed  with  Dr.  G.  B.  B.  H.  Suther- 
land whan  ha  visited  the  Polaroid  Corporation  on  October  6.  The  minutes 
of  this  westing  are  attached  aa  enclosure  5.  A specific  design  was 
worked  out  for  the  array  of  lead  sulfide  cells  to  be  used  in  the  16 
element  scanner.  If  it  is  not  convenient  to  manufacture  this  array 
in  this  country,  Dr.  Sutherland  felt  quite  sure  that  it  could  be  con- 
structed in  England. 


rej/ebb 


Approved  bv  ^ 

Elkan  R.  riout 

Associate  Director  of  Research 
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.■■'lrvtc-e  of  a V ctlrr  lr.  P.arhir  -.ton  op  h ■ r it cday . October  13.  3948 

Contract  .'JObsr-4 PI  TO 
Cctobtr  1 3, 

Harry  Ftockr.nn 

The  mertirg  tec  held  In  the  offices  of  the  Bureau  cf  dhipB  at 
the  Navy  Depar  Dent  Building  on  Const i T-uf  lor  /venue  on  V.cdnesdny, 

October  13.  r>i«.rent  were  Mr.  Harry  Dauber,  fl  vy,  and  Dr.  Harry  Stock- 
nan,  Polaroid  Ccryorrtion.  The  conference  continued  tl rough  the  day. 

The  discussion  extended  over  a wide  field.  Only  a few  discussion  point? 
of  particular  interest  sic  recorded  in  t!"  following. 

1 • Planned  future  net'vibiej 

Sir.ce  the  last  Fol&roiti  for  cretion  visit  on  September  3,  1946, 
Mr.  Dauber  had  hod  several  conferences  with  experts  in  the  fields  of 
magnetic  recording,  magnetic  amplification,  switch  ing  tubcc,  etc.  It 
is  the  writer's  understanding  thr  t Vr.  r.eubcr  plana  in  due  time  to 
Initiate  meetings  between  the  lol-moid  research  workers  and  represen- 
tatives of  various  fir-ms,  supposedly  Armour  Ib-senrch  Foundation  (magnetic 
recording),  NHI  (magnetic  amplifiers),  and  National  Union  (switching 
tubes).  Such  a meeting  will  probably  extend  over  a period  of  two  days, 
and  would  certainly  be  very  much,  vortb  while,  Mr.  Dauber  pointed  out 
that  initial  results  may  be  available  next  mouth  from  Armour  and  NRI.. 

2 • Visual  urceentf.tlon 

The  final  form  of  the  presentation  unit  has  a definite  bearing 
on  the  preceding  circuits  of  the  hemispheric  search  detector,  and  it 
la  logical  to  give  preference  in  this  discussion  to  the  final  link  in 
the  search  detector  system. 

If  the  time  constant  of  the  PP1  tube  is  made  long,  the  contrast 
will  fall  off  with  time,  and  the  response  from  one  15-Becond  sweep  can 
therefore  not  be  held  over  to  the  following  sweep  simply  by  means  of  a 
long  persistence  screen.  For  tils  reason  Mr.  Dauber  has  suggested  that 
the  screen  be  given  n rather  short  time  constant,  one-half  or  one  second, 
or  ro,  and  that  the  persistence  be  provided  artificially,  for  example, 
by  means  of  storage  in  magnetic  recorders.  For  this  reason  the  Armour 
Research  Foundation  has  become  involved  in  the  presentation  problem,  and 
we  are  expected  in  the  larodirstc  future  to  present  our  problem  to  the 
Armour  experts  in  a precise  and  concise  form.  The  writer  mentioned  that 
"memory"  tubes,  with  a dielectric  screen  operating  more  or  less  as  am 
equivalent  to  the  phonograph  record,  have  been  under  consideration  by 
manufacturers  associated  with  USAF  (example:  Raytheon  Menul'acturing 
Company).  It  may  be  of  interest  to  Investigate  this  matter  further. 
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The  storage  can  b(  accoir, pi  inhod  by  magm  tic  means  similar  to 
those  nor  under  consideration  by  the  /rmour  Rr search  Foundation  for 
another  purpose,.  It  ie  realised  that  this  method  involves  circuitry 
considerably  more  complicated  than  the  dingle  dimension  unit  to  be  de- 
veloped by  Amour  for  SSD  operation.  It  is  felt  at  this  time  that  the 
presentation  system  for  the  hemispheric  search  detector  will  be  an  evolu- 
tion from  thiG  particular  device. 

Mr.  Dsuher  alao  mentioned  other  forms  of  presentation,  the 
original  sohemcc  with  one  ORG  *creen,  showing  all  pant  target  history 
in  well  known  FRl  fashion,  and  other  schemes,  such  as  elevation  va. 
azimuth  coordinate  systems. 

i 

3.  The  Hancv -hue  Report 

A related  pro.icct  to  the  hemispheric  search  detector  is  "Nancy- 
5ue,"  partly  doacribod  in  Interim  Report  of  August,  1946  - Deoember, 

1947,  by  RCA,  Camden,  New  Jercey,  Contract  NObsr-30143.  r Dtncy-Sue" 
utilises  an  .infrared  device  for  detection,  and  then  flDBhe.a  on  during 
an  extremely  short  time  Interval  a narrow  beam  radar  for  rrngo  determin- 
ation. The  infrared  detector  utllizeo  tro  cells  in  a bucking  scheme, 
which  arrangement  giver  certain  advantages,  for  example,  with  respect 
to  depirnble  slgnel  waveform  end  noise  background. 

Mr.  Dauber  mentioned  that.  NR1  is  investigating  the  application 
of  magnetic  amplifiers  to  infrared  work  and  other  problems.  The  heod  of 
this  investigation  at  JJRI.  io  Mr.  II.  I.  Clar^,  I.npinenring  Section,  Optics 
nivlsion. 


It  is  bol  ieved  that  n possibility  exists  that  the  magnetic  am- 
plifier, In  a future  sp<  in]  ized  and  improved  form,  provides  the  ansror 
to  the  pioblem  of  nmpl  3 fyl rg  th'  thermocouple  output 


Mr.  Dauber  stat'd  tb"t  4t  would  be  sufficient,  here  to  indicate 
the  principle  of  the  circuits  r'ther  than  to  provide  detailed  inform- 
ation, particularly  nr.  the  first  morel  to  be  iuilt  would  b«~  oporated 
essentially  durinp  thf  right  '"hie  statement  alro  applied  to  protection 
against  certain  overload  conditions.  Certain  phases  of  the  research 
work  on  such  refinemento  nr-  automatic  sun  protection  should,  however, 
he  given  very  general  ecr.r  idrratlon,  as  the  choice  of  principle  and 
methods  for  the  essential  parts  of  th'  electronic  clrcuitu  to  n large 
extent  determiner  th<  applicability  of  liter  refinements. 

6*  Switching  tube  circuits 


It  now  appears  rather  definite  that  National  Union  will  be 
able  to  deliver  a switching  tube  that  fitc  our  needs  very  well,  thile 
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the-  numt or  cf  el  ectn.Jns;  3 2 In  e«- i.vent'.cnal  tubes,  would  onl\  permit 
an  experimental  system  of  restricted  resolution  characteristics,  a 
"multi-electroc'e"  typo  will  be  available  in  the  futuro  with  30  eloetroces. 
This  suggests  the  possibility  of  tie  group  of  12  electrodes  for  trans- 
mission of  the  synchronization  signal.  It  is  slro  possible  that  National 
Union  would  make  e test  sample  with  19  electrodes,  one  for  synchroniza- 
tion and  18  for  the  charnels. 

Important  information  regarding  signal  voltage  requirements  of 
the.  switching  tube  wnj  given  by  t'r.  Dauber.  Tubes  have  been  made  by 
National  Union  in  which  a signal  in  the  range  of  10-50  microvolts  is 
detectable  above  noise. • Magnetically  focussed  tubes  are  preferable, 
ns  most  applications  of  the  electrostatically  focussed  tubes  are  at 
higher  signal  levels.  The  disturbances  in  the  rrdinl  beam  tubes  re- 
ferred to  arleo  from  two  chief  sources.  The  first  is  the  ordinary  random 
noines  frou  shot  effect,  flicker  effect,  and  random  division  of  current. 
Th'  second  t pe  of  d i sturb^nco  is  generated  by  the  rotrtior  of  the  beam. 

In  general  it  increases  with  the  rotation  rate  of  the  beam  and  is 
strongest  at  o frequency  equal  to  the  product  of  the  rotational  rnte 
by  the  number  of  channels  scanned  per  second.  It  ia  therefore  advan- 
tageous to  operate  with  low  rotational  deflectlcn  frequency.  The  ab- 
ronce  of  scanning  noise  cVptndr  on  having  very  omooth  commutation;  again 
smooth  commutation  may  cause  difficulties  with  reopect  to  permissible 
amount  of  crosstalk  between  channels. 

?<lth  reference  to  future  high  resolution  typos  of  search  de- 
tectors with  an  increased  number  of  cells,  it  ia  of  interest  to  know 
that  National  Union  considers  n number  of  50  electrodes,  or  so,  as  the 
maximum  to  he  put  into  a switching  tube  at  the  time  being.  Mr.  Deuber 
briefly  reviewed  the  other  proposed  solution,  the  "lobe  contour"  method 
of  obtaining  high  resolution,  described  by  the  writer  at.  tho  September  3 
meeting  in  IVashington . 

Viewpoints  on  General  Peeign 

V.ith  reference  to  Mr.  Dcuber-s  information  cn  the  high  usefltl 
sensitivity  of  the  switching  tube,  it  appears  that  a design  might  be 
possible,  whore  the  switching  tube  is  arranged  early  in  the  system  with 
or 1 y a snail  amount  of  amplification  prior  to  each  electrode.  It  was 
temporarily  assumed  that  n signal  of  a volt  or  a tenth  of  a volt  would 
require  approximately  100  db  preamplification.  A reduction  in  input  sig- 
rnl  of  the  erder  indicated  would  cut  the  db  f i gure  to  approximately 
half.  In  reality,  hewever,  various  factors  must  be  trken  into  cccount 
w’  ich  inert  see  r.-q.:.rcmcitc  on  the  omount  of  prt  amplification  needed. 

The  quest* on  was  d'seussed  cf  the  suitable  vd’>e  for  the  circular 
deflection  frucncncy  of  t^f  twitching  tube,  which  if  the  sene  as  the 
redid  deflection  frtouency  of  the  ?PI.  Valuable  comrente  were  made, 


• Ear  also  levter  cf  C ctober  31,  1948,  frem  National  Union  to  Polaroid  ' 
Corporstion. 
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but  the  tine  did  r.ot  permit  a final  discussion  of  the  subject  natter. 

It  appears  that  a value  of  200  epe  or  so  provides  a good  starting  out 
point  for  design  considerations. 

Ur.  Dauber  brought  up  the  question  of  cooling,  which  is  closely 
associated  with  tho  problem  of  type  of  ctll  to  bo  used,  type  of  ampli- 
fication, etc.  Ke  stated  that  seleride  cells  now  are  within  reach, 
which  will  be  improved  so  that  cooling  may  not  be  a necessary  consider- 
ation in  future  deeign.  This  is  important,  said  Mr.  Deuber,  aa  it  la 
impractical  to  use  any  conventional  cooling  system  on  top  of  the  mast, 
and  it  would  be  olrost  necessary  to  find  ways  and  aeons  for  designing 
unccded  system.  (Cooling  has,  of  course,  only  been  considered  for  the 
"hot"  channel,  utilising  lead  selenide  or  lead  sulfide  cells.)  Mr.  Dauber 
suggested  the  photo-mo  Company  as  a supplier  of  lead  sulfide  cells  for 
experimental  urposes. 

The  meohanlosl  system  os  it  now  seems  to  shape  up  would  there- 
fore have  per  channel  one  cel]  amplifier  immediately  adjacent  to  the 
cell,  one  preamplifier  mounted  outside  the  " sector-box contrininp  the 
mirror  snd  the  ore  of  oelle,  synchronous  commutators,  and,  common  to 
all  channels,  the  switching  tube  with  associated  circuits  and  devices . 

All  this  would  rotate,  and  h<  connected  via  slip-rings  to  the  output 
signal  lead  end  line  amplifier  ^ and  to  the  vorious  auppliea  needed 
(probably  a 400  cps  power  line). 

Ur.  Dauber  suggested  th^t  it  would  be  sufficient  to  provide 
the  openings  in  the  scanner  with  silver  chloride  windows.  No  dome 
arrangement  is  needed.  The  two  spherloal  mirrors  should  be  arranged 
inside  proper  housing  sc  that  the  positions  and  viewing  angles  could 
be  varied  by  means  of  adjustment  screws.  It  was  agreed  that  the  "hot" 
(photocell)  chunnel  snd  the  "worm”  (thermopile)  channel  can  be  made  com- 
plete in  themaelvee,  so  that  simultaneous  operation  on  the  seme  target 
becomes  possible  for  direot  comparison. 


ha/ebb 


mu:  .*o  sure  ^ 
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Overall  Electronic  Syitm  for  the  Hemietherlc  Search. Detector.  Models 

September  27,  194? 

Harry  Stockman 


The  solution  shown  In  Fig.  1 was  proposed  by  the  writer  imme- 
diately before  the  discussion  meeting  in  Vashinpton,  September  3,  1948, 
and  Fig.  1,  a slightly  modified  version  of  the  block  diagram  presented 
during  thia  meeting,  merely  serves  io  illustrate  the  basic  principle. 

The  optical  scanner  is  ahown  in  symbolic  form  in  the  left  upper  corner, 
and  the  presentation  PF1  tube  in  the  lower  left  corner.  The  physical 
dictence  between  thesa  two  units  la  that  between  the  top  of  the  mast 
and  the  control  or  display  rocm  inaide  the  ship. 

Part  of  thle  proposal  la  to  use  a time  sequence  switching  tube 
up  in  the  maet,  which  yields  the  two  advantages  of  a single  line  con- 
nection and  time  requcnce  presentation  on  the  PP1  display  tube.  The 
time  division  (multiplex  signalling)  switching  tube  is  Inserted  between 
the  optical  scanner  and  the  lino  or  down  lead.  For  the  tine  being  it 
Is  assumed  that  a tube  with  18  input  eleotrodea  is  available.  The  switch- 
ing period  Tg  la  then  divided  into  18  intervals,  each  one  of  duration 
Tn/l8  representing  a channel.  Each  time  the  circuit  is  completed  through 
olectrode  lj  cell  1 in  the  optical  scanner  is  connected  during  an  in- 
terval of  time  somewhat  lees  than  Tg/18  to  the  PPI  tube,  and  an  indi- 
cation will  be  given  on  the  proper  place  of  the  screen.  The  exposure 
time  of  a target  (approximately  80  milllEaconds)  is  large  oompared  to 
?g/18,  so  call  1 will  be  connected  to  the  Pri  tube  maybe  10  times,  or 
»•>,  before  the  radiation  response  from  the  target  in  cell  1 dies  down. 

The  same  operation  applies  to  cell  2,  3,... 16,  The  swltohlng  tube  is 
•shown  symbolically  in  fore  of  a cathode-ray  tube,  in  which  the  electron 
beam  hits  18  electrodes  is  sequence,  the  intensity  of  the  beam  current 
varying  in  such  a way  as  to  follow  ths  potentials  on  the  18  electrodes. 

The  principle  also  involves  that  rectifiers  or  synchronous  com- 
mutators of  proper  time  constants  may  be  inserted  between  ths  chain  of 
amplifiers,  following  the  cells.  and  the  input  electrodes  of  ths  switch- 
ing tube.  This  means  that  whatever  chopring  component,  or  carrier,  thot 
la  introduced  for  other  purposes  in  the  cells  or  the  preamplifiers,  is 
eliminated  by  means  of  filtering  before  the  signals  are  applied  to  the 
switching  tube.  The  only  variational  component  that  reaches  ths  switch- 
ing tube  la  therefore  the  signal  component  from  the  target.  The  switch- 
ing tube  and  presentation  PPI  tube  circuits  are  therefore  in  tills  first 
approach  independent  of  the  type  of  cell  used  and  of  possible  chopping 
or  o-rrier  insertion  required  for  low  noise  operation.  This  sdds  flexi- 
bility to  the  system.  It  furthermore  makes  it  easy  to  obtain  the  narrow 
bandwidth#  required  by  S/N  consideration,  whereas  other  approaches  make 
it  difficult  to  obtain  the  required  narrow  bandwidth. 
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It  io  estimated  thct  tr  e total  amplification  from  one  of  the 
cell  a to  the  electrodes  ol’  the  PP3  tube  1b  of  the  order  of  150  db.  It 
la  evident  thet  eome  of  this  amplification  must  be  applied  immediately 
following  the  cell  to  provide  low-noise  operation  and  sufficient  input 
voltage  to  operate  the  switching  tube.  Another  pert  of  the  amplification 
should  be  applied  pb  line  amplification  between  the  switching  tube  out* 
put  nnd  the  donn  lead,  eo  that  the  signs!  will  safely  override  the  noise 
and  Interference  in  the  line.  The  third  part  of  the  amplification  should 
bo  applied  as  display  amplification  between  the  bottom  end  of  the  line 
and  the  presentation  HI  tube.  It  is  estimated  with  reference  to  the 
many  unknown  factors  in  Fig.  1 that  the  total  amplification  in  a first 
approach  may  be  split  into  three  equal  parts,  or  50  db  per  amplification 
unit.  The  extremely  small  output  from  the  cells,  and  the  likely  lack 
of  nonaitivlty  of  the  switching  lube  probably  would  favor  a split  such 
as  iOO  25  -h2 5.  Assuming  thr  same  impedance  (a  few  hundred  oha$) 
through  the  entire  system,  this  would  yield  the  following  voltage  levels 
starting,  as  en  example,  with  0.1  microvolts j approximately  10  milli- 
volts on  the  switching  tube  input  electrodes,  approximately  0.15  vrlts 
on  the  down  lead  input,  and  approximately  2.3  volt*  on  the  PPl  tube  in- 
put. There  figures  may  be  off  by  factors  of  100,  or  so,  but  illustrpt* 
the  principle  behind  the  design. 


In  Pig.  1 the  assumed  amplification  of  100  db  between  the  cells 
and  the  switching  lube  has  been  further  divided  into  three  parts  or 
units  for  circuit  convenience.  The  first  unit,  the  cell  amplifier,  ie 
built  right  into  the  cell  arc  end  mounted  os  close  as  possible  to  the 
individual  cells.  The  second  unit,  or  preamplifier,  is  mounted  just 
wutside  the  optical  scanner,  but  also  rotates  nith  it,  > The  third  unit 
is  stationary  and  fed  via  a slip  ring  arrangement.  As  a first  approxi- 
mation the  division  of  gain  in  the  three  initial  units  may  be  estimated 
be  30  f-  30  r40  db,  totalling  100  db. 

If  weight  considerations  permit,  it  will  be  desirable  also  to 
place  the  t>  ird  unit  nnd  the  switching  tube  on  the  rotating  pla-form. 

The  arrangement  of  the  PPI  tube  end  its  synchronisation  in 
Fig.  1 le  as  felloes*  A saw-tooth  voltage  of  frequency  lAg  ie  generated 
in  e saw-tooth  generator,  located  cl  oeo  to  the  PPl  tube.  The  saw-tooth 
voltage  ie  used  to  provide  the  deflection  of  the  electron  beam  in  the 
switching  tube,  and  nlao  to  provide  the  radial  sweep  In  the  PPl  tube, 
thus  providing  full  synchronization.  The  cells  in  the  optical  scanner 
are  here  marked  1 to  18  from  the  zenith  and  down  (the  old  terminology 
reversed),  and  the  dieplay  unite  on  the  screen  of  the  PPI  tube  marked 
1 to  18  frem  the  cento r and  out.  The  dote  on  the  radius  indioate  "no- 
olrnal"  response  from  eacn  cell,  and  the  larger  dot  the  response  from 
a target  on,  eay,  channel  1',  i.e.,  approximately  on  the  elevation  angle 
T2£°.  The  screen  may  be  provided  with  a ring  pattern  or  a transparent 
°over  so  thf t the  elevation  angle  can  be  read  directly.  It  is  assumed 
hot  proper  anti-zigzag  circuits  cen  be  developed  so  that  the  zigzag 
rrajigement  cf  the  cells  does  not  prevent  proper  presentation  of  the 
argetr  on  the  displey  tube. 
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'-'hr  radii  a sweeps  around  the  PPI  ecreen  in  synchronism  with  the 
rotational  movement  of  the  optical  scanner.  This  may  be  accomplished 
by  means  of  eeleyn  motors,  fed  from  the  ahip‘o  400  cpe  power  eyatem. 

Th*  frequency  of  this  rotations]  movement  18  referred  to  pb  f.  and 
fA  = 1/15  cpe. 

It  is  of  Interest  to  estimate  generally  the  approximate  value  of 
the  circular  deflection  frequency  fp  of  the  switching  tube,  which  fre- 
quency is  "dcrtical  with  the  radial  deflection  frequency  of  th,6  PPI 
tube.  Tentatively  the  elgnal  frequency  has  been  previously  assumed  to 
cover  the  bond  3 to  10  cps,  with  the  center  frequency  at  approximately 
6 cob.  Various  arguments  for  increasing  cr  decreasing  the  given  fre- 
( uenov  value  car.  be  given.  Conrider  first  a system  with  optical  chopper 
of  frequency  fg  a 50C  cpo.  aay,  and  no  rectification  or  aynchronoua 
commutation.  It  then  appears  desirable  to  scan  each  electrode  in  the 
switching  tube  severs]  thousand  tinea  per  second,  bo  thrt  many  samples 
from  each  chopping  pulse  are  obtained.  The  scanning  frequency  may  then 
he  aa  high  as  fg  a 5000  cps,  and  presently  switching  tubes  seem  to 
operate  up  to  1C, 000  cps.  Consider  next  a system  where  rectification  or 
synchronous  commutation  la  employed.  The  aignol  pulses  are  here  re- 
stored prncticrlly  to  their  Initial  form  before  being  applied  to  the 
electrodes  of  the  stitching  tube.  A rather  low  value  of  fg  is  then  suf- 
ficient. The  niniwtun  value  is  set  by  the  PPI  tube,  for  the  radial  traoes 
must  be  repeated  fnat  enough  to  appear  aa  closely  spaotd  straight  lines, 
nnd  the  frequency  must  bo  high  enough  not  to  oauee  flicker  effect.  It 
appeera  that  the  minimum  value  is  of  the  order  of  100  cpe,  and  a practi- 
cal oyatom  n.ay  utilise  100  or  200  cpe,  unless  upecial  requirements  from 
other  parts  of  the  system  necessitate  a higher  value.  In  Fig.  1 the 
value  fg  s 100  is  satisfactory  for  the  presentation  circuits  shown,  but 
ia  not  generally  applicable  to  all  the  various  kinds  of  input  circuits, 
including  optical  soannir.g  systems,  that  must  be  considered  before  a 
final  design  principle  car.  be  arrived  at. 

The  given  diacuauion  ia  probably  sufficient  to  give  an  idea  of 
the  basic  principle  considered.  The  writer  ia  well  awars  of  the  fact 
thet  a number  of  difficul ties  end  complications  have  been  avoided  or 
.ignored  in  this  text,  such  as  overloading,  dynamic  range,  time  constants, 
recovery  time,  autom-tic  sun  protection,  artificial  aoreen  persistence, 
multiple  target  response,  cooling  problem,  etc.  These  mattere  will  be 
diBCuaaed  in  later  reports. 
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1 • Cf  reral . There  ere  probably  half  a dozen  or  so  switch- 
ing tube  manufacturers  in  the  USA,  but  the  writer  has  so  for  been  able 
tc  contact  only  two  of  thur.  In  the  folio?  ir.g  some  rather  sketchy  in- 
formj'tion  is  given  cr  thesi  tubes,  but  rct.scr.aMy  complete  information 
wJ 1 be  '•veil able  later,  when  enswerp  have  been  obtained  to  questions 
recently  In  rued  to  Federal  Telecommunication  Laboratory,  and  National 
Uni  on  Radio  Cor- oration.  At  present  very  little  1g  known  about  switching 
transients,  hut  this  trotter  will  be  Riven  full  consideration  at  a later- 
tine 


2.  The  Federal  "Cvclophons"  X 153C  and  X Io3G 

Vhic  tube  is  built  or  the  idea  of  spinning  the  beam  in  a cathode- 
ray  tube  so  thr-t  the  display  point  describes  a circle.  The  ordinary 
screen  is  replaced  by  a circular  set  of  25  electrodes,  called  dynodee, 
or  collectors,  or  secondary  emitters.  The  signal  elcotrode  has  the 
form  of  a dipc  with  holes  in  front  of  each  dynode.  Figure  1 Bhows  a 
circuit  diagram  of  the  Cyclophon  tube. 

The  current  output  of  each  channel  tr.«y  be  increased  several 
times  by  the  use  of  secondary  emission  fr<>n  the  dynodes  (the  aperture 
plate  then  has  higher  positive  potential  than  the  dynodes). 

Crosstalk  is  obtained  because  adjncmt  circuits  affect  each 
other  by  either  electric  or  magnetic  induction.  One  difficulty  at  high 
frequency  is  the  lnter-dynode  capacitances,  but  at  1000  cps  the  cross- 
talk in  an  adjacent  channel  is  down  a pjroxi  irately  60  db.  Good  design 
chnrncter-3.oilc8  aimed  at  are  low  crosstall , maximum  output,  uniformity 
and  long  life. 

Type  X 153C  utilises  eleotric  deflation,  type  X 153G  magnetic 
deflection . The  following  data  are  of  in' -rest: 


Accelerating  anode  volts 

2000 

2000 

1000 

Aperture  anode  volte 

2000 

2000 

1000 

Dynode  volts 

500 

500 

500 

Deflection  factor 

135-170 

70 

50 

Dygode  currents  (in  raA) 

volts/inch 

geue 3/inch 

geuss/lnch 

1 

30 

12 

Dynode  load  reel stance 

50,000 

1000 

5000 
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The  noitf  contribution  ir  made  up  of  shot  rffret,  eocondary- 
emirslon  noise,  : :.d  then,  si  ogltut icn  nciie.  The  total  noice  power  it’ 
approximately  tut  c«  that  cf  a pentode  amplifier. 

It  f>llo*E  from  the  above  that  th<  Cyclcphon  is  escentielly 
an  "output"  tuvc  in  signaling  multiplex  circuits,  and  thus  not  directly 
adanted  to  our  u m needt..  It  is  stated,  however,  th"t  the  tube  also 
con  be  urod  as  un  "input"  tube,  and  probably  this  is  done  by  using  the 
dynodes  as  input  o] tetrodes,  cr.d  taking  tre  output  from  the  "signel  in" 
contact  in  Fig.  Correspondence  for  clr rif ication  or  this  point  has 
been  rrtored  into. 


e T 

i 


3 . The  Hof  oral  Hr.  ion  Kndio  Corporation  Radiol  Team  Tubes  RBM10G-I 

and  RBU3G-1  

These  tubes  have  at  the  r.cst  1?  electrodes,  but  it  Je  possible 
that  tubee  with  more  electrode?  •will  be  available  at  a later  time 
(correspondence  lnitinted).  The  tubes  are  of  coaxial  type  with  a 
cylindrical  shield,  which  hes  12  windows.  Behind  each  window  a pair 
of  paraxial  wirer  serves  as  e control  grid  for  the  current  to  the  anode, 
placed  behind  the-  grid  wires.  There  is  an  inner  grid  clorely  surround- 
ing the  cathode.  The  electron  beam  has  the  form  of  a sheet  of  electrons, 
whirled  around  either  by  nears  of  an  electric  or  a magnetic  field. 
Different  "Input"  and  "output"  tubes  are  used  in  a time  division  multi- 
plex circuit.  The  input  tube  has  the  grin  leads  brouphi  out  individually, 
•a.id  this  tube  it  the  ono  of  lnterect  to  ua.  A simplified  circuit 
diagram  is  shown  in  Fig.  2,  representing  tubes  RBM10G-1  magnetically 
focussed . It  hr s only  10  electrodes. 


The  various  resirtcirs  R} , Rj*  ^3»  enc*  ^4  provide  part  of  a 
two-phase  voltage  supply  system  used  in  connection  with  focussing  and 
circular  deflection  or  suppression  cf  the  undesired  beam.  The  beam  1b 
always  prevented  from  passing  to  the. anode  by  a large  negative  voltage 
on  the  proper  control  grid. 


The  magnetic  field  is  most  easily  obtained  by  using  the  stator 
of  a email  polyphase  two-pole  synchronous  motor,  In  the  gap  cf  such  a 
rtator  there  are  only  two  poles  to  the  field  so  that  the  lines  of  force 
' re  parallel  to  the  diometer.  Other  circuits  for  the  production  of  the 
rotating  magnetic  field  are  given  by  the  Manufacturer.  Of  special  in- 
terest are  circuits  for  obtaining  multiphase  from  single  phase  using 
tuned  reactances  or  P.C  phase  splitters.  In  connection  v.ith  frequency 
ttJ tipi ic' tlon  or  frequency  division  circuits,  the  60  or  400  cps  supply 
could  be  used  (in  lh»  mast  only  /,00)  yielding  a 200  or  100  cps  tso- 
phaae  output.  Vacuum  tube  oscillators,  using  N tubes  in  a ring,  will 
give  N or  2N  phase  output,  and  may  also  be  of  interest. 


The  following  characteristics  are  of  interest  for  RBM10G-1: 
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Inr  f r gri  1 vc3 tcg> 
f.crrtj  voltage 
An<  de  voltage 
t;upy  rec.sion  rrJd  voltage 

Suppression  grid  hire  vrltafe 
Bee  m current 


• IS  V )] 

+ 90  vclta 
-125  volts 

Four  phases  o.c-  voitoge 
^ 90  V poaV  per  phase 
-20  volte 
5 mA 


— . *J  JL  It 
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( bviously  e.  eupprersor  grid  ie  inserted,  elthouph  not,  mentioned  by  the 
manufacturer  in  the  supplied  text. 


The  *>1  ectrostatlc',lly  focussed  (and  circularly  deflected)  tubes 
are  made  much  the  seme  way  as  the  magnetically  focucrea  ones.  The  elec- 
trostatic field  is  established  by  applying  suitable  voltages  to  a number 
of  screen  segment r,  surrounding  a central  cathode.  For  inetanoe,  in  s 
tube  with  clx  rcreen  eegeents,  a six-phase  voltage  applied  to  the  eeg- 
mentr  results  in  n rotating  electrostatic  fiold  much  in  the  manner  of  the 
rotating  mr^netic  field  in  the  stator  of  a six-pole  eleotrlc  motor.  A 
civ  segment,  tube  handles  twelve  grid-plate  systems,  half  of  them  vis 
elite  in  the  segments,  the  other  half  via  the  openings  between  segments. 


Of  epecial  interest  is  a graph  given  by  the  manufacturer,  show- 
ing the  anode  current  in  mA  versus  the  signal  control  voltage  in  volts 
(referred  to  cathode).  Three  characteristics  are  given,  the  one  for 
minimum  supply  voltage  (type  I in  table  below)  almost  straight  and  ex- 
tending from  0 to  -17  volts,  and  0 to  0.4  mA  (peak  value) . An  equi- 
valent, amplifying  triode,  would  have  a traneconductanoe  cf  roughly 
0.4/17  & 0.02  mA/V»  which  would  bo  very  low,  and  supposedly  operate  with 
a maximum  peak  voltage  of  8 volts,  and  a minimum  peak  voltage  of  0.1 
volts,  or  ao.  This  switching  tube  may  therefore  require  an  input  of  the 
order  of  volts,  and  may  not  operate  at  all  on  Inputs  of  the  order  of 
millivolts.  (Information  on  this  point  has  been  requested  from  the  wanufae- 
turer.)  Typical  operating  conditions  arei 


Screen  Voltage  (rms,  6^>  ) 
Cathode  Voltage 
Anode  Supply  Voltage 
Peak  Anode  Current 


I 

II 

III 

150  V 

250  V 

283  V 

80  V 

138  V 

152  V 

300  V 

400  V 

450  V 

0.35  mA 

0.7  mA 

0.8 

4.  Conclusions 


No  conclusions  should  actually  be  drawn  at  this  time  due  to  the 
very  meager  information  presently  available  on  switching  tubes.  Again, 
certain  frets  are  known,  such  as  the  number  of  electrodes,  in  the  "Federal" 
tube  25,  and  in  the  "Onion"  tube,  12.  "Federal"  may  not  be  suitable  as 
"input"  tube,  while  "Union"  makes  such  tubes.  It  appears  that  all  d.c. 
aleotrode  voltages  can  be  obtained  from  rectification  of  400  cps  on  top 
of  the  meat.  The  focussing  and  circular  defleotion  voltage  con  probably 
also  be  obtained  from  400  cps  via  divider  end  single-to-multiphase  cir- 
cuits, but  other  oltenrtives  are  open,  such  as  the  use  of  tube  osoillstors 
with  proper  frequency  control  circuits.  One  problem  of  importance  con- 
cerns t' e synchronisation. 
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As  t firsthand  suggestion,  bee  3d  on  the  incomplete  information 
avuileble,  Fig.  3 chows  a possible  arranges* nt  for  12  channels,  using 
t.ha  '•Union"  tuoe  RBtl2G-l.  To  aecure  oontlnuous  and  cc  rrect  synchroni- 
sation it  is  suggested  that  s synchronisation  pulse  is  derived  fros  the 
switching  tube  and  u^ed  to  start  off  the  radial  nweep  c*r  the  PPI  tube  at 
lha  proper  instant.  This  oan  be  done  if  a snail  synchronisation  electrode 
is  inserted  in  the  RBE  tube  as  shown. 


Tne  400  epa  line  feeds  into  n frequency  dividar  li4,  considering 
that  the  earlier  asrumptlt n of  s 100  cp3  ctill  holds.*  For  simplicity 
a in  xlti  vibrator  1c  shown  in  11. e it. notion  of  frequency  divider,  oseillat- 
inr  on  100  ops  end  synchronized  on  its  fourth  harmonia.  The  100  cps 
output  is  filtered  and  the  sinusoidal  component  applied  to  9 slngle-to- 
threo  phase  converter,  that  is  utilised  to  deliver  a six-phase  voltage 
to  the  RBb  tube.  This  voltage  makes  the  electron  beam  spin  around  100 
tines  per  ejeond,  delivering  the  time  division  separated  channels  on  the 
torminals  marked  •’out."  At  the  FP.t  tube  a saw-tooth  generator  is  uaed 
to  produce  a 100  ope  output.  To  illustrate  this  function  a grid  synchronised 
gas  trlode  has  been  chosen.  The  synchronization  signal  kicks  off  the 
backstroke  when  channel  No.  12  is  connected  so  that  the  radial  sweep 
starts  off  with  oufficient  eoourecy  from  the  center  of  the  screen  at  the 
time  the  signal  from  channel  1 is  in  progress  to  develop. 

It  should  be  noted  that  several  circuits  shown  in  Fig.  3 are 
merely  symbols,  illustrating  the  various  functions.  When  the  design 
work  commences  these  individual  olroults  shall  have  to  be  orltloally 
scrutinised,  and  other  circuits  considered  wbioh  nay  show  better  perform- 
ance, greater  simplicity,  or  better  suitability  with  respect  to  available 
components  and  parts. 


* Sec  report  of  September  27  on  the  overall  electronic  system,  page  3, 
where  the  value  fg  = 100  is  used  as  satisfactory  for  the  presentation 
circuits  when  no  particular  consideration  Is  given  ell  the  possible 
optical  so&nnlng  and  cell  Input  circuits  that  may  be  used* 

he/obb 


. 1 


j 


tf 


RESEARCH  DEPARTltUT 


\ 

*> 


POLAROID  CORPORATION  RfSCARCH  DCPARTM!*? 


r 

r.nciocuni  Al. 


\ 


T 

i 

..  j 


?■  emetic  Amp]  ifiers  for  the 
L enlfoherlc  Search  Ogtecter.  t'odel.  1 

October  3,  3942 

Herr;'  Jteckcan 


1 . General 

The  following  is  csn<ntlnijy  a brief  orientation  in  the  field 
of  irr.gr.ctlc  amplifiers,  extend t d in  case  of  the  cecond  harmonic  type  to 
a diicuccior  concerning  the  hemispheric  6carch  detector  application. 

Three  kindis  of  maj-netic  e.mpl  ifiet-3  are  discussed  in  the  text;  the  con- 
trol circuit  type,  extensively  used  in  the  power  engineering  field, 
the  5ocond  harmonic  type,  end  the  airborne  magnetic  detector  type. 

While  reeoorch  v.ork  cn  magnetic  atrplifi ere-  in  the  power  engineer- 
ing field  has  bmn  carried  out  during  the  last  forty  years,  or  so,  (see 
llet  of  literature  at  end  of  report),  corresponding  research  work  on 
week  signal  amplifiers  is  juct  commencing.  An  exception  here  is  the  air- 
borne magnetic  detector,  on  which  extenr.ivo  research  work  was  carried 
out  during  the  war,  but  the  research  problem  of  this  detector  is  some- 
what different  from  that  of  the  cell  amplifier  in  the  hemispheric  search 
detector.  Accordingly  it  is  difficult  to  predict  at  the  present  state 
of  the  art  whet  the  finally  no-opted  principle  of  operation  of  the  cell 
amplifier  will  be,  ar.d  it  is  felt  Justified  to  mention  all  known  types 
of  rargnetic  amplifiers,  although  the  second  type  diccusced  appears  most 
promising. 

SSX&ISL  J&T2A£-l£E!L.  ojLAvpi 

A magnetic  amplifier  includes,  qb  an  essential  component- , a 
ferromagnetic  device  with  adjustable  inductance.  The  conventional 
magnetic  amplifier  is  aupoll.ed  from  an  e.c.  source,  and  the  ferromag- 
netic devioa  contained  in  this  mn;  retie  amplifier  is  then  a saturable 
reaotor,  or  tranoductor,  or  transducer.  Otherwise  there  is  no  clear 
distinction  betwoer.  what  is  meant  by  a "saturable  reactor"  and  a "mag- 
netic amplifier,"  and  the  terms  are  used  indiscriminately. 

Initially  a magnetic  amplifier  may  be  defined  as  an  arrangement 
of  electric  and  saturable  magnetic  circuits  interlinked  in  such  a way 
that  a small  d.c.  current  Bervee  to  control  the  reactance  of  an  a.c. 
circuit,  thus  controlling  thr  flow  of  a.c.  power  to  the  load.  Only  one 
simple  circuit  will  be  ohown  for  the  purpose  of  illustrating  the  principle, 
See  fig.  1.  The  a.c,  and  d.c.  windings  are  so  polarised  that  there  is 
no  a.c.  output  at  the  d.c.  control  terminals.  (A  more  elegant  solution 
la  to  use  only  one  cere  with  more  than  two  legs.)  When  the  d.c.  current 
is  changed,  the  magnetic  properties  of  the  cores  are  changed,  and  tbua 
the  load  conditions  on  the  a.c.  input  side  controlled.  Many  reflations 
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oC  tnc  circuit.  In  Jig.  1 exidt.  Even  a small  change  & 1^  may  cause, 

#ith  proper  op*  rating  point,  a large  change  80  that  positive  power 

amplification,  r A PL  7 +■  /APd  obtains.  For  equal  impedances,  then, 

-t*  ijj  y + A ^ • 

Of  special  interest  is  the  self- saturated  reactor,  which  utilizes 
feedback  ulth  or  without  the  need  for  an  additional  fordback  winding. 
Generally  th  ■'  feed  bt'.k  is  arranged  s~  tlrt  0 rectified  d.c.  component  is 
obtained  from  the  c.c.  side,  which  coTij>or<en:,,  for  positive  foedbaack, 
aids  the  d.c.  control  current.  The  result  of  this  reinforcement  is  that 
a g.  «c  •worage  saturation  of  the  core  is  achieved  with  a smaller  value 
of  i.'rtnl  current  than  would  he  n quirt'd  without  feedback.  If  too  nruoh 
feeduack  in  used  inct-ibi1  ity  results,  end  under  favorable  conditions, 
ejei Alations.  Then  feedback  ie  obtained  without  the  need  for  extra  wind- 
ing-,, it  1 any  be  termed  self -feedback  (self-exitation) . fthen  extra  wind- 
ing or  windings  .-'.re  required,  it  nry  be  turned  external  feedback  (ex- 
tern >u  ctitation). 

Vognetic  ctr-iliflers  uny  also  be  provided  vitli  negative  feed- 
ha  eh  to  improve  linerrlty. 

An  application  circuit  of  special  interest  haa  been  given  by 
Hedetroem  and  Borg,  Ilectronlcc , f opt ember,  1948,  p.  91.  It  is  said 
that  thia  circuit  is  suitable  for  amplifying  currents  from  photocells 
and  thermocouples.  Again,  this  does  not  mean  that  the  noise  properties 
of  the  circuit  are  sc  good  that,  superiority  over  tube  amplifiers  obtains, 
particularly  as  the  implication  referred  to  concerns  vastly  stronger 
signals  than  the  oner  encountered  from  the  cells  in  the  heoiephcric 
soarcli  detector.  Amplifier  circuits  of  thiB  type  may  give  power  ampli- 
fication lr>  oxcena  of  10"  times.  Leaving  noise  cut  of  consideration, 
thia  would  indicate  thet  a voltage  of  10"9  volte  would  be  amplified  to 
become  at  least  10"5  volts,  or  10  microvolts. 

For  fast  response  higher  exitation  frequency  is  needed.  The 
induotance  of  U«  windings  can  then  be  reduced  for  the  same  impedance, 
which  reduces  the  time  constant  of  the  syotem.  In  general,  equivalent 
aagnetic  amplifiers  operating  at  different  frequencies  can  respond  in 
the  oame  number  of  cycles,  thus  the  higher  frequency  unit  hae  the  fester 
response. 

3.  Eelaaflod-  Second  i-iargonl;  Circuits 

This  solution  appears  particularly  attractive  to  the  hemispheric 
•earoh  detector  application.  This  is  evident  if  the  solution  with  a 
conventional  tube  amplifier  and  a high  secondary  inductance  transformer 
is  concerned.  With  a cut-off  frequency  of,  say,  1 cps,  and  a required 
•econdary  impedance  of  1 megohm,  a secondary  inductance  approaching 
200,000  henry  would  be  desirable.  Such  a value  is  out  of  the  question 
for  the  small  space  available  for  the  cell  amplifier  in  the  hemispheric 
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search  detector.  If  a more  suitable  coupling  element  was  made  available, 
the  power  amplification  of  the  tube  could  be  relied  upon  to  yield  a 
sufficiently  low  noice  figure  for  the  entire  unit. 


If  a magnetic  amplifier  can  be  used  in  such  a way  that  does  not 
degrade  the  signal-to-noise  ratio  cf  the  cell,  it  appears  to  offer  high 
promise  because  tie  secondary  inductance  need  only  be  high  enough  to 
yield  an  impedance  of  one  megohm  at,  say,  5000  cps.  The  required  value 
of  secondary  induct anoc  is  now  only  10  to  ?0  henrye. 


The  principle  involved  in  tills  t;  pe  of  magnetic  amplifiers  ia  to 
make  use  of  certain  hysteresis  properties  of  ferromagnetic  core  material, 
with  the  useful  output  in  the  form  of  a second  harmonic.  The  utilised 
phenomena  date  back  to  Epstein,  190?,  and  at  least  for  one  group  of 
phenomena  the  principle  may  be  formulated  aa  follows t If  e sinusoidal 
voltage  is  applied  to  the  primary  of  a transformer  contnining  a ferro- 
magnetic core,  of  an  amplitude  sufficient  to  extend  the  hysteresis  loop 
into  the  region  of  saturation,  the  potential  appearing  on  the  secondary 
winding  wi"1!  possess  the  same  frequency  Bnd  odd  hermonios.  As  long  as 
vhe  hysteresis  loop  is  symmetrical  (with  respeot  to  the  origin),  this 
vill  be  the  cafe,  since  the  symmetry  precludes  the  production  of  even 
hnrnionicB.  If  a small  direct  current  flux  is  superimposed  on  the  trans- 
former, no-.vever,  even  harmonics  will  also  appear  in  the  output. 


To  remove  the  fundamental  signal  and  the  odd  harmonics  from  the 
output,  the  following  arrangement  may  be  used.  Two  cores  withv primaries 
Iq,  L2(a.c.),  secondaries  L^,  L,  (a.c.),  and  control  wJndlngB 
(a.c.  bios)  are  used,  the  secondaries  connected  in  series,  in  such  a 
way  that  the  fundomental  and  odd  harmonics  cancel  out,  while  the  even 
hai monies  rill  add.  See  Fig.  2„ 


The  a.c.  output  can  be  used  as  a measure  of  the  d.c.  lias  control 
voltage  or  current.  J’epnt.ive  (or  positive)  feedback  can  be  added  aa 
indicated  symbolically  by  the  dotted  findings  L7,  L and  better  linearity 
obtained.  The  second  harmonic  from  the  pick-up  windings  L„,  I.*  is  am- 
plified ar.d  detected,  and  the  d.c.  fed  back  around  tho  cor^a  in  such  a 
way  that  the  magnetic  field  opposes  the  bias  field,  fhields  of  per- 
malloy anu  copyer  are  ured  to  pre  venl  influence  from  external  fields, 
such  ee  '•-he  earth  magnetic  field,  f hocks  and  vibrations  must  be  elimi- 
nated . 


The  a.c.  output  may  be  tuned  to  the  second  he  monic  up  to  the 
l^nit  set  by  various  stability  conditions.  This  greatly  increases 
the  consr. tivity.  The  fc-nritivity  increases  with  a.c.  input  until  a 
panic  is  Benched,  pnd  then  falls  off.  For  greatest  stability,  it  is 
best  to  operate  at  the  edge  of  this  latter  region,  i.e.,  Just  beyond 
saturation.  The  open-circuit  aensi tivity  for  a certain  tested  magnetic 
amplifier  waa  43  millivolts  root-rran-squnre  aecoftdary  output  per  micro- 
ampere Input. 
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a cause  or  riujtwtionc  is  the  discontinuities  in  ma pneti  zation 
(P.ni'V./iauoen  effect)  „ fuch  fluctuations  may  be  below  0,01  microampere 
In  tK-  magnetic  amplifier  referred  to  above.  Another  fluctuation, 

Vnowr.  as  the  "background"  is  aaused  by  the  feot.  that.  m week  record  her- 
tion  appears  In  the  output  oven  when  there  ia  no  input.  If  cancelled, 
th'fj  second  harmonic  oeta  a vari  able  zero  level,  which  may  be  considered 
nj  a noise  source,  although  the  period  of  fluctuation  may  be  very  long, 
.t  nheuld  be  possible  to  introduce  proper  automatic  aero  restoration 
ci rcuitn. 


Information  on  noise  level  indicates  thrt  input  currents  as 
small  as  8 microamperes  has  been  used  in  practioe  and  0.04  microamperes 
hsa  been  detected,  or  10  microvolts  (input  impedance  250  ohvs).  Ilia 
uienr.s  that  the  input  power  is  of  the  order  of  10”^3  watts,  ihlle  the 
signal  power  available  to  operate  the  nrnrch  detector  may  be  of  the 
order  of  10~19  watts,  roughly,  thus  the  difference  being  ICh^  jn  power, 
or  10"‘f  in  volt'p’e.  This  ia  not  too  discouraging. 

This  mrthod  may  be  referred  to  as  the  "aecond  harmonic  balance" 
* rincipla. 


/, . The  Magnetic  HpWwa  Be  try  tor 


The  principle  of  the  airborne  "-rnmetometer"  is  as  follows: 

Two  thin  cores  of  highly  permeable  al1oye  are  arranged  parallel  to  each 
other.  See  Fig.  3.  The  core3  arc  saturated  sinul taneously  and  the 
voltages  across  the  two  primaries  are  always  equal.  The  cores  h»ve 
opposite  polarity  If  the  core3  tire  p.3  : cod  parallel  with  the  field 
lines  In  a fixed  raapretlc  fie  d,  one  <c;e  rill  saturate  a little  tit 
earlier,  th-_  other  e little  bi u later.  Thus,  through  a Bhort  mom -at, 
i he  colic  win  not  have  equal  impedances  and  will  tot  have  equal  v.ltages. 
! eejondary  coll  ;.b  arranged  so  that  normally  thero  is  no  change  i»  the 
'r'closed  field  and  no  emf  is  induced.  Luring  the  s:  ort  moment  of  ,i.- 
•rqnnlity  in  impedance  and  mar  -iv.atior,  a pulnc  will  be  produced  5\ 

(.he  sfconiiary,  which  in  rectified  in  a special  circuit  and  yields  a 
;.c.  cutout  For  eracl?  external  fieldB  the  amplitude  of  this  pulse  ’.a 
proper'' i oral  ‘.o  the  field  strength.  Saturation  is  produced  even  by 
■ ury  wet’;  fieldc.  A separate  d.c.-fed  coil  is  arranged  ro  as  to  bucl. 

• Mt  thr  i Orth's  magnetic  field,  c 0 that  the  magnetometer  will  measure 
«u  ly  the  small  unbalanced  flex'd  The  bucking  current  is  supplied  put<  • 
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It  appears  that  the  simplest  connection  of  this  amplifier  to  a 
cell  would  be  to  direotly  turn  the  radiation  signal  into  a magnetic 
field,  and  expose  the  magnetometer  to  this  field  as  if  it  were  an  earth 
magnetic  field  variation.  No  compensation  la  then  needed  or  desirable, 
as  the  signal  field  appears  and  vanishes  from  a zero-level  set  by  John- 
son noise  in  the  combination  of  the  coll  impedance  and  the  magnetometer 
Input  circuit  Impedance.  As  the  impedance  level  may  be  very  low,  a few 
ohms,  the  Johnson  noise  level  le  very  low.  A tentative  circuit  is 
suggested  in  Fig.  4„ 
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Report  on  a Discussion  with  Dr.  G.  B.  B.  M.  Sutherland 

R.  Clerk  Jones 
October  13,  1948 


Dr.  G.  B.  B.  U.  Sutherland,  who  le  one  of  the  outstanding 
English  authorities  in  the  infrared  field,  visited  the  Polaroid  Coi * 
poration  on  Wednesday,  October  6. 

On  the  boats  of  the  authorization  granted  in  a letter  datec 
October  4 from  Captain  John  G.  Johns,  Commanding  Officer,  Boston  Branch, 
Office  of  Naval  Research,  the  hemisphere  search  detector  study  coni raet 
vas  discussed  with  Dr.  Sutherland  in  detail  for  about  two  hours  in  the 
morning  of  October  6.  During  this  discussion  considerable  attention 
was  paid  to  the  problem  of  obtaining  a strip  of  lead  sulfide  o«13s  >f 
the  configuration  required  for  the  16-element  scanner. 

Dr.  Sutherland  thought  that  it  was  quite  feasible  to  constr  sot 
in  a single  evacuated  envelope  the  array  of  3,8  photoconductive  stri 
shown  in  the  middle  figure  on  page  4 of  the  report  dated  Auguat  18, 

1948,  by  Grey  end  Jones.  Dr.  Sutherland  furthermore  thought  that  t it, 
eojimoptt  det.pctor  could  tv*  wede  ritho*  by-  +be  cbeniirnt  <">*■>  by  t,b*»  _ 

atioo  process.  A specific  design  was  worked  out  wl.i-th  will  fit  in  ths 
available  space,  and  which  will  permit  the  elements  to  be  cooled  tc 
liquid  air  temperature. 

Dr.  Sutherland  felt  confident  that  the  composit  detector  cc  jld 
be  manufactured  by  the  3ritish  Thompsoa-Iioubton  Company  at  Rugby,  l ig- 
land. 
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